Abstract 32
convulsing and reduce the risk of birds from disappearing from camera view during the trial. 236
Once the birds had been placed in the tier, further 2 minute period of baseline data was 237 collected, after which the chamber door was closed and sealed. The LAPS cycle then 238 started, or in the sham treatment birds remained undisturbed in the chamber for an identical 239 period (280 s). A compressor required to operate the LAPS chamber was running during 240 both LAPS and sham trials. However, during LAPS, additional noise associated with the 241 vacuum pump and pressure valve would have been experienced by LAPS treated birds. 242
During the trials, the birds were watched in real time on a monitor to check for unexpected 243 behaviour. Video footage was recorded on a digital video recorder (Datavideo M# DN300) 244 to allow detailed behavioural observations to be conducted later. Continuous recordings 245 from 5 s prior to the start of the run to 5 s after the end of the cycle period were obtained for 246 each pair. On completion of the run, birds were removed from the chamber if exposed to 247 LAPS, reflexes were immediately assessed (e.g. presence of rhythmic breathing, nictitating 248 membrane) to confirm death. 249
250

Behavioural observations 251
An ethogram developed in previous behavioural work on LAPS (Mackie & McKeegan, 2016; 252
Martin et al., submitted a, b) was used ( Table 1 ). The behaviour of each bird was recorded 253 using The Noldus Observer XT 11.0 programme by a single observer. Blinding to treatment 254 was not possible as it could be seen on the video recording whether the lights were on or 255 not; it was not clear if LAPS was on until about 40 s into the cycle when birds began to show 256 signs of ataxia. Behavioural variables measured included latencies, counts, total durations, 257 bout durations and bout counts; see Table 1 for specific measures for each behaviour. Birds 258 which went out of sight for more than 10% of the total observation time (280 s) were 259 excluded from the data set. Data was exported from Observer to Microsoft Excel 2010. 260
261
EEG and ECG analysis 262
The logged data files were uploaded into a data acquisition and analysis program (Spike 2 263
Version 4.2, Cambridge Electronic Design). Analysis consisted of examining consecutive 264
artefact-free 2 s excerpts from the EEG signals during baseline and throughout the LAPS 265 process (280 s). Visual inspection was used to eliminate severe movement artefacts which 266 rendered the signal meaningless, while epochs that were apparently affected by electrical 267 noise interference were subject to post hoc 'filtering' using the data interpolation technique 268 described by Martin, 2015; Martin et al., 2016. The EEG was analysed by producing power 269 spectra of each 2 s epoch using a fast Fourier transform algorithm (1024, Hanning window, 270 resolution 0.976 Hz bins). We also determined the latency for the signal to have a total 271 power equal to 10% of baseline (Raj et al., 1991; Raj, 2006) . The onset of isoelectric EEG 272 signal was determined in two ways, by visual interpretation and by identification of validated 273 spectral characteristics (PTOT less than 170 mv and F50 greater than 22 Hz) (Sandercock 274 et al., 2014; Martin et al., 2016; and Martin, 2015) . Two spectral variables were calculated 275 with coded Genstat programs: total power (PTOT), defined as the total area under the power 276 spectrum curve (Murrell and Johnson, 2006) and median frequency (F50), the frequency 277 below which 50% of the EEG power resides (Tonner, 2006) . Latency variables to 278 unconsciousness were defined as time for F50 < 12.7 Hz (non-responsive state) and <6.8Hz (general anaesthetic (GA) plane) (Martin, 2015 , Sandercock et al., 2014 . In Spike 2, 280 clean ECG signal was used to determine heart rate (bpm derived from the number of QRS 281 complexes in a 5 s epoch) at 6 baseline time points before LAPS (3 outside chamber, 3 282 inside chamber with door open) and every 5 s during the LAPS cycle. Latency to 283 bradycardia was generated for each bird, defined as a 30% reduction in heart rate compared 284 to the 6 th baseline value on an individual bird basis. 285
286
Statistical Analysis 287
All data were summarised in Microsoft Excel (2010) spread sheets and analysed using 288
Genstat (14 th Edition). Statistical significance was based on F statistics and P<0.05 289 significance level. Summary graphs and statistics were produced at bird and treatment level. 290
Statistical comparisons were conducted via Generalised Linear Mixed Models (GLMM) 291
(Poisson distribution) or Linear Mixed Models (LLM) (normal distribution) dependent on the 292 data distributions for each variable. Data transformations were attempted when necessary 293 via Logarithm function. All models included bird ID and pair number as random effects. All 294 fixed effects were treated as factors and all interactions between factors were included in 295 maximal models. All models included LAPS/sham treatment, light/dark treatment and 296 whether the bird was implanted as fixed effects and bird weight, ambient temperature, 297 ambient humidity, and feed withdrawal time as covariates. It was necessary to group 298 behavioural data for analysis dependent on treatment (LAPS/sham) due to the majority of 299 behaviours not being exhibited when birds did not undergo LAPS. The complete data set 300 was analysed for some behaviours shown in all treatments (notice, standing, sitting, 301 headshake, mandibulation, vigilance, vocalisations). Spearman correlations were used to 302 determine directional associations between temperature and humidity (ambient and within 303 chamber) and behavioural measures. 304 EEG summary statistics and graphs were produced at bird level, while statistical 306 comparisons focussed on estimated means and differences between means. GLMMs 307 (Poisson distribution) or LLMs (normal distribution) were carried dependent on the data 308 distributions for latency variables to unconsciousness (F50 <12.7 Hz (non-responsive state); 309 and <6.8 Hz (general anaesthetic plane); latencies to visual inspection characteristics 310 (presence of slow-wave and 3 consecutive isoelectric 2s epochs); latencies for the signal to 311 have a total power equal to 10% of baseline; and finally latencies to isoelectric (PTOT less 312 than 170mv and F50 greater than 22 Hz). These spectral variable thresholds were never 313 reached in sham treatment groups, therefore as with behavioural observations data were 314 split into subsets for modelling of other effects. The ECG data was analysed by carrying out 315
GLMMs (Poisson distribution) or LLMs (normal distribution), dependent on the data 316 distributions for each heart rate interval, including the six baseline intervals and latencies to 317 bradycardia. Latencies to bradycardia and bpm <100 were never reached in sham treatment 318 groups, therefore as before subsets of data were analysed. Paired t-tests were used to do 319 comparisons within treatment groups at individual bird level to compare heart rate at specific 320 time points. jumping and vocalisation) were observed in a proportion of birds as shown in Table 2 . Birds 337 which underwent the sham treatment exhibited standing, slow wing flapping, vigilance, 338 mandibulation, headshakes, vocalisations, sitting, pecking and panting behaviours ( Table 2) . 339
Pecking (2 birds) and panting (1 bird) were seen only in the light/sham treatment, and 340 vocalisations were exhibited by six birds (three in each of the LAPS/light and sham/light 341 treatments). EEG implantation had no effect on behaviour. 342
343
Comparisons of the LAPS and sham treatment were limited to behaviours which were 344 performed in both treatments. Analysis of latencies to slow wing flapping and pecking was 345 not possible due to their rarity. All latencies were affected by LAPS/sham treatment, longer 346 latencies in sham treated birds compared those exposed to LAPS (Table 3 ). In the sham 347 treatment, behavioural latencies were spread across the entire 280 s cycle time, while LAPS 348 birds were motionless in a mean time of 145s (Table 4) . Light/dark treatment had no effect 349 on latencies of any behaviour shown in both LAPS and sham treatments, except for standing 350 (Table 3) , where birds in the light had shorter latencies compared to birds in the dark in the 351 sham treatment, but there was no difference when exposed to LAPS. There was a 352 significant interaction between LAPS/sham and light treatments on the latencies to 353 mandibulation (longest latency in sham/light) and standing behaviours (shortest latency in 354 LAPS/dark). Shortest latencies to stand were seen in LAPS/dark and longest in sham/dark. 355
Birds which underwent LAPS showed shorter bout durations of sitting and longer bouts of 356 vigilance while birds in dark treatments had longer bout durations of sitting, and shorter 357 bouts of vigilance and standing. The same relationships were seen for mean total durations 358 for these behaviours (Table 3) . Mean bout duration and total duration of standing wasaffected by an interaction between treatments, with durations shorter in LAPS birds, and 360 within these groups, shorter durations in the dark (Table 3) . LAPS treatment affected the 361 frequency (counts) of sitting, vigilance, headshakes, standing, and slow wing flapping, with 362 all behaviours being performed more times in sham conditions (Table 3) however there were no significant correlations. Weight, feed withdrawal time, temperature, 379 and humidity had no effects on behavioural frequencies. 380
381
Comparing the wider range of behaviours exhibited during LAPS, illumination had no effect 382 on the majority of behavioural latencies, with effects only on standing and deep inhalation. 383
Latencies to stand in light and dark treatments were numerically very similar (17.0 s and 384 17.7 s, Table 4 ), but the range was much wider for birds in the light. Birds undergoing LAPS 385 in the dark had longer latencies to deep inhalation (Table 4) . Vigilance was shown almost 386 immediately to the onset of LAPS, irrespective of light treatment. There was no effect ofillumination on latencies of key indicator behaviours associated with loss of consciousness 388 (ataxia, loss of posture, loss of jaw tone and onset of convulsions). In darkness, birds had 389 increased bout duration, total duration and frequency of bouts of sitting (Table 5 ). The 390 opposite effect was seen for durations of standing, performed more by birds in the light 391 treatment, as was vigilance. Illumination also increased total durations of leg paddling and 392 clonic convulsions. Light or dark conditions had no effect on the counts of jumping, 393 mandibulation, vocalisation, headshaking, deep inhalation and pecking ( 
EEG responses 411
High quality EEG signals were recorded for 33 birds, 28 of these traces provided data for the 412 Figure 4 shows mean heart rate before and during 453 LAPS or sham treatment based on available data at each time point. In all cases, birds 454 exhibited elevated heart rates following handling for instrumentation (mean 385bpm) and 455 there was no evidence of initial heart rate decrease during undisturbed baseline (P=0.061-456 0.783, N=29; first to last baseline point comparison). The initial heart rate of birds was 457 affected by illumination; in LAPS treatments light birds had a lower heart rate than those in 458 the dark, however in sham treatments this trend was reversed (Figure 4 and Broom, 1990). A significant heart rate decrease during the cycle was apparent in sham 512 treated birds, suggesting continuing recovery from the stress of handling, irrespective of light 513
treatment. 514 515
Within LAPS treatments, illumination had no effect on latencies to behavioural indicators of 516 loss of consciousness (ataxia, loss of posture, loss of jaw tone and onset of convulsions), 517 confirming that these are primarily related to oxygen availability. Light/dark treatment did 518 increase latencies to standing and deep inhalation and total durations of leg paddling and 519 clonic convulsions; the reasons for these effects are unclear. In general, the consistent 520 Effects of illumination were apparent in the EEG responses of birds undergoing LAPS. 527
While the overall EEG response to LAPS (steep reduction in F50 in the first 60 s and 528 increased total power) was similar with and without illumination, birds exposed to LAPS in 529 the dark had shorter latencies to reach a non-responsive state (F50 <12.7 Hz) and GA plane 530 (F50 <6.8 Hz) and their total power was higher throughout induction to unconsciousness. A 531 shorter time to isoelectric EEG (reduced by 10 s, as defined by spectral parameters) was 532 also observed in darkness. Thus, in light conditions, slow wave EEG is induced by hypoxia, 533 while in the dark, it is induced by both hypoxia and the absence of light stimulation, 534 decreasing time to unconsciousness by approximately 15 s. Previously, we suggested that 535 the presence of slow wave EEG patterns in conscious birds in the early part of LAPS 536
suggests an absence of negative stimulation which would evoke a desynchronization of the 537 EEG (e.g. Gentle, 1975) . This notion is supported by the current study where the same 538 patterns were seen and where slightly increased desynchronisation was related to the 539 presence of light stimulation. 540
541
The initial heart rate of birds was affected by illumination treatment, however the direction of 542 this difference was not consistent between LAPS and sham treatments, making its basis 543 when heart rate levelled off. Latency to bradycardia was not affected by light treatment, 547
suggesting that these responses are primarily due to hypoxia in the early part of the LAPS 548
cycle. 549
Collectively, these results add to a growing body of evidence that behavioural and EEG 551 responses to LAPS are consistent and indicative of a process that is largely equivalent to 552 controlled atmosphere stunning with anoxic gases. As would be expected, the effects of 553 LAPS/sham treatment primarily related to the presence or absence of hypoxia. Illumination 554 affected activity/sleep levels in sham treated birds and slightly slowed time to loss of 555 consciousness in birds undergoing LAPS. The data lead to the recommendation that LAPS 556 is carried out in darkness, as is currently the case commercially. 557 558
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Pritchard for discussions and comments on the draft paper. Gentle, M., (1976) . Using arousal changes in the EEG to indicate gustatory sensitivity 594 Rapid/vigorous movement of the wings, a new bout was defined as following a pause of at least one second.
Duration Latency Tonic convulsion
Uncontrolled twitching (visible muscular spasms within the body).
A new bout was defined as following a pause of at least one second.
Duration Latency
Slow wing flapping
One short burst or prolonged slow/moderate movement of the wings, occurring without any twitching of the body. A new bout was defined by a pause of one second.
Duration Latency
Leg paddling
Involuntary, usually alternating, leg movements in the air or towards the ground depending on the body position of the bird. Leg paddling can also be determined by an alternating upwards and downwards movement of the body if bird is lying sternal. A new bout was defined by a pause of one second.
Duration Latency
Loss of jaw tone
Bill open for more than 2s without deep breathing and/or neck extension.
Latency
Jump
Explosive upwards movement from a sitting/lying position during ataxia.
Counts
Escape
Rapid locomotor behaviours in an apparently conscious attempt to exit the situation
Counts
Peck
Moving head backwards and forwards in a pecking motion. Counts
Vocalising
Any audible vocal produced by the focal bird (e.g. alarm call or peeping).
Counts Latency
Motionless
No discernible body or breathing movements. Latency Sitting Legs underneath the body cavity and wings relaxed against body wall.
Duration
Standing
Standing with the body fully or partly lifted off of the ground. Duration Lying Lying once posture is lost and not perceived to be purposefully controlling posture.
Duration
Out of sight
Bird was completely out of view. Duration 
